Autism spectrum disorder (ASD) is characterized neurophysiologically by, among other things, functional connectivity abnormalities in the brain. Recent evidence suggests that the nature of these functional connectivity abnormalities might not be uniform throughout maturation. Comparing between adolescents and young adults (ages 14-21) with ASD and age-and IQ-matched typically developing (TD) individuals, we previously documented, using magnetoencephalography (MEG) data, that local functional connectivity in the fusiform face areas (FFA) and long-range functional connectivity between FFA and three higher order cortical areas were all reduced in ASD.
| I N TR ODU C TI ON
Autism spectrum disorder (ASD) is characterized by a broad range of perceptual and behavioral features including deficits in social communications and stereotyped behaviors (Charman & Baird, 2002; Nadel & Poss, 2007; Wetherby, Watt, Morgan, & Shumway, 2007) . While the exact brain bases of ASD remain unknown, abnormal functional connectivity has been extensively documented in ASD across multiple brain regions and a wide range of paradigms, using many different techniques (Belmonte, et al., 2004; Just, Cherkassky, Keller, & Minshew, 2004; Kana, Libero, & Moore, 2011; Khan, et al., 2015 Khan, et al., , 2016 Mamashli, et al., 2017; Muller, et al., 2011 ; O'Reilly, Lewis, & Elsabbagh, 2017; Supekar, et al., 2013; Uddin, Supekar, & Menon, 2013) . While functional connectivity studies in children and adolescents with ASD do not always consider age as a variable, recent evidence suggests that functional connectivity abnormalities in ASD may vary in magnitude and even in direction across development from childhood to adulthood (Alaerts, et al., 2015; Dajani & Uddin, 2015; Khan et al., 2015; Nomi & Uddin, 2015; Padmanabhan, Lynn, Foran, Luna, & O'Hearn, 2013) .
Understanding the differences in the developmental trajectories of functional connectivity between ASD and typically developing (TD) individuals is clearly an essential part of building a neurophysiological model of ASD. It is of particular interest to understand how these differences evolve over adolescence, which is likely a critical time not just in typical development, but also in ASD, where it may be a window of increased vulnerability (Di Martino, et al., 2014; Marin, 2016; Picci & Scherf, 2015; Ratto & Mesibov, 2015; Rosenthal, et al., 2013) .
One of the domains where functional connectivity abnormalities in ASD have been extensively documented, is face processing. While most studies of face processing in ASD focus on cortical and subcortical activation or response (Dalton, et al., 2005; Hubl, et al., 2003; Pelphrey, Lopez, & Morris, 2009; Perlman, Hudac, Pegors, Minshew, & Pelphrey, 2011; Pierce & Courchesne, 2001; Schultz, et al., 2000) , many other studies focused on functional connectivity abnormalities, and cover a wide age range, from childhood (Dominguez, Velazquez, & Galan, 2013; Lynn, et al., 2018) to adulthood (Kleinhans, et al., 2008; Koshino, et al., 2008; Leung, Ye, Wong, Taylor, & Doesburg, 2014) . In parallel, in TD, we know that behavioral face processing abilities improve with age (Germine, Duchaine, & Nakayama, 2011; Golarai, Liberman, Yoon, & Spector, 2010; Lawrence, et al., 2008; Song, Zhu, Li, Wang, & Liu, 2015) , and that the inter-regional connectivity increase with age across multiple areas involved in face processing (Cohen Kadosh, Cohen Kadosh, Dick, & Johnson, 2011; Song et al., 2015; Zhou, Liu, Ding, Fu, & Lee, 2016) . However, behavioral improvements over adolescence in paradigms such as face memory, lag in ASD (O'Hearn, Schroer, Minshew, & Luna, 2010 .
Here, we sought to investigate whether the maturation trajectories of cortical functional connectivity elicited by a face perception paradigm differ in ASD relative to TD individuals. We have previously shown, using magnetoencephalography (MEG), that ASD adolescents and young adults (ages 14-21) are characterized by abnormally reduced local and long-range cortical functional connectivity in response to faces within the fusiform face area (FFA), and between the FFA and three other cortical regions. Locally, within the FFA, we found that alphagamma phase-amplitude coupling (PAC), the coupling between the phase of the alpha rhythm (7-13 Hz) and the amplitude of the gamma rhythm (low gamma, 45-60 Hz, and high gamma, 80-120 Hz), was abnormally reduced in ASD, and that the magnitude of this reduction correlated with ASD severity. In parallel, we found that long-range functional connectivity was reduced between the FFA and the precuneus, the anterior cingulate cortex (ACC), and the inferior frontal gyrus (IFG), all in the alpha frequency band. The combination of local and long-range functional connectivity measures was predictive of diagnosis.
To study the maturation trajectories of these measures in TD versus ASD populations, we extended the prior study to younger ages, 7-13, and assessed the same metrics, PAC in the FFA and functional connectivity between the FFA and the precuneous, IFG, and ACC, in the full cohort of 7-21-year-old ASD and TD participants, again using MEG. We hypothesized that the maturation trajectory of these functional connectivity measures in the ASD group will be abnormal relative to the TD group.
| M A TE RI A L S A ND M E TH ODS

| Participants
Participants consisted of two groups. The first group were the seventeen subjects with ASD and twenty TD adolescents and young adults, ages 14-21, described in our prior publication (Khan et al., 2013) . The second group consisted of 37 newly recruited participants (21 TD, 16 ASD) ages 7-13, and 11 newly recruited participants, ages 14-17 (7 TD, 4 ASD). Subjects with ASD had a prior clinical diagnosis of ASD and met a cutoff of >15 on the Social Communication Questionnaire, Lifetime Version, and ASD criteria on the Autism Diagnostic Observation Schedule (ADOS) (Lord, 1999) , administered by trained research personnel who had established inter-rater reliability. Individuals with autism related medical conditions (e.g., Fragile-X syndrome, tuberous sclerosis) and other known risk factors (e.g., premature birth) were excluded from the study. All TD participants were below threshold on the Social Communication Questionnaire and were confirmed to be free of any neurological or psychiatric conditions, and of substance use for the past 6 month, via parent and self-reports. The ASD and TD groups did not differ in verbal and nonverbal IQ, measured with the Kaufman Brief Intelligence Test -II (Kaufman & Kaufman, 2004) .
Handedness information was collected using Dean Questionnaire (Piro, 1998) . Only right-handed participants were included in the study. All research was in compliance with the MGH institutional review board, and all participants were consented in accordance with the approved protocol. Detailed data on all participants is in Table 1 .
| Experimental paradigms
The paradigm presented in the MEG room consisted of houses, neutral, fearful, and angry faces. Each stimulus was displayed for 1 s, separated by 1 s of fixation cross baseline (fixation on a cross at the center of the screen). The paradigm was presented in three consecutive runs. To ensure attention, participants were asked to press a button when the same face appeared twice in succession. This was a rare (1/8) occurrence, and all participants performed at ceiling level on the task. We were not concerned about motor-preparation artifacts from trials involving a button press, because our analysis was always time-locked to stimulus onset. Therefore, the non-time-locked effects from the 16% of trials associated with a motor response would average out to a level no greater than the noise inherent in the data. The face stimuli were collected from three databases: Karolinska Directed Emotional Faces (KDEF) (Lundqvist, Flykt, & € Ohman, 1998) , NimStim Face Stimulus Set, and Gur (Gur, et al., 2002) . The houses stimuli were obtained from the Kanwisher Laboratory database at the Massachusetts Institute of Technology. All stimuli were homogenized for brightness and contrast, and by using an oval black mask. The sequence of stimuli was generated and presented using the psychophysics toolbox (Brainard, 1997; Pelli, 1997) , and presented with a projector through an opening in the wall onto a back-projection screen placed 100 cm in front of the participant inside a magnetically shielded room. There were minor variations in the paradigm design between the prior and current set of participants. In the previously published study (Khan et al., 2013) , eight stimuli of the same condition were presented consecutively. In newly recruited cohort, stimuli were presented randomly rather than using a block design. Because the data was analyzed on a trial by trial basis, these design differences are not expected to have impacted the results.
To further ensure this, we (a) compared the results in the newly recruited participants ages 14-17, with the prior results, and found no significant difference, and (b) we reanalyzed all of the prior data using the same approach used for the newer design, that is, trial by trial (see below), and got the same results. Lastly, we compared evoked responses on a trial by trial basis, and saw no differences in evoked responses and power when the numbers of trials are controlled across the groups.
2.3 | Structural MRI data acquisition and processing T1-weighted, high-resolution, magnetization-prepared rapid acquisition gradient-echo (MPRAGE) structural images were acquired on a 3.0 T Siemens Trio whole-body MRI scanner (Siemens Medical Systems, Erlangen, Germany) using a 32 channel head coil. The in-plane resolution was 1 3 1 mm 2, slice thickness 1.3 mm with no gaps, and a repetition time/inversion time/echo time/flip angle 2,530 ms/1,100 ms/3.39 ms/78. Cortical reconstruction and parcellations for each subject were generated using Freesurfer Fischl, Sereno, & Dale, 1999a) . After correcting for topological defects, cortical surfaces were triangulated with dense meshes with 130,000 vertices in each hemisphere. For visualization, the surfaces were inflated, thereby exposing the sulci .
| MEG data acquisition
MEG data were acquired inside a magnetically shielded room (IMEDCO) using a whole-head VectorView MEG system (Elekta-Neu- MRI data, the locations of three fiduciary points (nasion and auricular points) that define a head-based coordinate system, a set of points from the head surface, and the sites of the four head position indicator coils were digitized using a Fastrak digitizer (Polhemus) integrated with the Vectorview system. The electrocardiography (ECG) and electrooculography (EOG) signals were recorded simultaneously to detect heartbeats as well as vertical and horizontal eye movement and blink artifacts, which were later used to identify cardiac and ocular events in signal space projection method. During data acquisition, online averages were computed from artifact-free trials to monitor data quality in real time. All offline analysis was based on the saved raw data. In addition, 5 min of data from the room void of a subject were recorded before each experimental session for noise estimation purposes.
| MEG data preprocessing and motion correction
MEG data were spatially filtered using the signal space separation method (Elekta-Neuromag Maxfilter software) to suppress noise generated by sources outside the brain (Taulu, Kajola, & Simola, 2004; Taulu & Simola, 2006) . Signal space separation also corrects for head motion between and within runs (Taulu et al., 2004) . Cardiac and ocular artifacts were removed by signal space projection (Gramfort, et al., 2014) . The data were filtered between 0.1 and 140 Hz. The data were epoched into single trials lasting 1,600 ms, from 400 ms prior to stimulus onset to 1,200 ms after it. Epochs were rejected if the peak-to-peak amplitude during the epoch exceeded 1,000 fT/cm and 3,000 fT in any of the gradiometer and magnetometer channels, respectively. For evokedresponse analysis, we filtered the data from 0.5 to 10 Hz and epoched into single trials from 2200 ms prior to stimulus onset to 500 ms after it. In this article, we focused on the data of houses and emotional faces, which combines fearful faces and angry faces data. This was motivated by our findings from Khan et al. (2013) as the main difference between TD and ASD group emerged between those two conditions.
| Source estimation
The geometry of each participant's cortical surface was reconstructed from the 3D structural MRI data using FreeSurfer software (http:// surfer.nmr.mgh.harvard.edu). The cortical surface was decimated to a grid of 10,242 dipoles per hemisphere, corresponding to a spacing of 5 mm between adjacent source locations on the cortical surface. The MEG forward solution was computed using a single-compartment boundary-element model (BEM) assuming the shape of the intracranial space (Hämäläinen & Sarvas, 1987) . The watershed algorithm was used to generate the inner skull surface triangulations from the T1-weighted MR images of each participant. Assuming head movements occurred only between runs and to compensate for these movements, the forward solutions for each run were computed and averaged (Uutela et al., 2001 ). The cortical current distribution was estimated using minimum-norm estimate (MNE) software (http://www.martinos.org/ martinos/userInfo/data/sofMNE.php) and assuming the orientation of the source to be fixed perpendicular to the cortical mesh. The noisecovariance matrix used to calculate the inverse operator was estimated from data collected without a subject present. (Fischl et al., 1999a) . We employed a surface based registration technique based on folding patterns because it provides more accurate intersubject alignment of cortical regions than volume-based approaches (Fischl, Sereno, Tootell, & Dale, 1999b; Van Essen & Dierker, 2007) .
| Delineating the FFA
To delineate the right FFA, fusiform gyrus was first identified in each participant using the individual FreeSurfer anatomical parcellation. We will use the term FFA rather than right FFA for simplicity. We used a vertex-by-vertex statistical analysis of the evoked response to emotional faces versus the response to evoked houses. The FFA is defined as the region in the fusiform gyrus that responds more strongly to faces than to houses (Kanwisher, McDermott, & Chun, 1997) . Accordingly, we mapped the single epochs to fusiform gyrus for each subject using the inverse operator. For each subject, the evoked response for emotional faces was tested against the evoked response to houses, using a paired t test (df 5 49) across epochs. FFA boundaries were then manually delineated based on the maximum t values in the fusiform gyrus for each subject with a 50 ms window on each side of the peak.
| FFA evoked response magnitude and latency
Latency and peak of the M170 response to faces (Botzel & Grusser, 1989; Ghuman, et al., 2014; Jeffreys, 1989) were noted manually for each individual, for all subjects and conditions.
| FFA PAC analysis
To compute PAC, artifact free data that was filtered between 0.1 and 144 Hz was mapped to FFA using inverse operator for each participant (both newer and older cohorts). This process results in 2D matrix, which are vertices by time. This would allow us to filter the data on the continuous time series rather than on epoch data. PAC between the alpha band (7-13 Hz) phase and gamma band (40-130 HZ) amplitude was quantified for each vertex in the FFA, for each participant, using the modulation index (MI), which is a statistical score representing the degree of coupling between two time series, one of phase and the other of amplitude (Canolty, et al., 2006) . We estimated the phase of frequencies between 7 and 13 Hz (in steps of 1 Hz; termed "phase fre- were then concatenated into one vector per vertex. Using this procedure, we prevented spurious PAC due to sharp edges in the data (Kramer, Tort, & Kopell, 2008) . Angry faces and fearful faces were merged as emotional faces. As described by Canolty et al. (2006) , at each vertex, the MI for that pair of frequencies was computed which corresponds to a z-score. Note that this approach has been updated to the latest best available methods, relative to our older, published data, which used a different approach. The results obtained when using the updated PAC computation approach, replicated the results of our prior study.
| Time series extraction for coherence and timefrequency analysis
Within each regions of interest (ROI), we avoid signal cancellation by taking into account the polarity mismatches that occur because of MNE estimate spreading across sources whose orientations were not aligned. This was done by flipping the polarity of the signals from sources that were oriented at >908 relative to a principal direction of the cortical normals within each ROI. This process results in 2D matrix which are epochs by time.
| FFA coherence analysis
We computed the coherence between the FFA and three ROIs: left IFG, left ACC, and left precuneus. ROI selection was motivated by our previous publication (Khan et al., 2013) , demonstrating significant normalized coherence between TD and ASD in the alpha frequency band (8-12 Hz) between the FFA and those ROIs, using cluster permutation statistics (Khan et al., 2013) . ROIs delineation was carried out using FreeSurfer parcallations and cluster permutations statistics, similarly to our prior study. The locations of the ROIs are shown in Supporting Information, Figure S1 . Time-frequency decomposition was done in the FFA and in each ROI. The 2D epoched time series within ROIs was convolved with a dictionary of complex Morlet wavelets (each spanning seven cycles), resulting in 3 dimensional complex spectra epoch-timefrequency matrix (S k t; f ð Þ). The Coherence between FFA and each ROI was computed for alpha frequencies between 8 and 12 Hz. We eliminated the statistical bias due to the non-Gaussian distribution of coherence values and unequal sample sizes, as well as the problem of spurious coherence (Sekihara, Owen, Trisno, & Nagarajan, 2011) , by using normalized coherence, also referred to sometimes as Zcoherence (Maris, Oostenveld, & Fries, 2007) . In this measure, the principal condition (emotional faces, a total of 80 trials per participant) is normalized with respect to a baseline condition (houses, a total of 40 trials per participant), which addresses the bias (Khan et al., 2013; Mamashli et al., 2017) .
| FFA power
Power was estimated from 2400 to 1,200 ms and from 7 to 120 Hz in time and frequency, respectively.
| FFA delineation overlaps across all subjects
To estimate the overlap of the FFA localization across all subjects, each individual FFA was morphed to the average cortical representation (FsAverage in FreeSurfer). A probability map of FFA was gained by averaging across all subjects.
| Statistical analysis of evoked responses in the FFA
We used a three-way analysis of variance (ANOVA); 2 (group: TD-ASD) 3 2 (age: children-adolescence) 3 2 (condition: faces-houses) to examine differences in peak amplitude and latency of the evoked responses. Peak amplitude comparisons were done once using the peak at actual latency, and once using magnitudes at fixed latency (160-180 ms).
| Evoked response correlation with age
The M170 latency in response to emotional faces, and the normalized M170 peak (emotional faces minus houses) were tested for correlation with age using Pearson's correlation.
| PAC statistical analysis
To compare the PAC values across TD and ASD group, we only consid- 
| PAC correlation with age
Correlation analysis was focused on those gamma ranges that demonstrated a significant difference between TD and ASD groups. Mean PAC values within low or high gamma for houses were subtracted from emotional faces. Relative PAC values for all subjects were then correlated with the age using Pearson method for each group. Statistical significance of the correlations between groups (TD vs ASD) was estimated using Fisher r-to-z transformation (Fisher, 1915) .
| Z-coherence correlation with age
Following our previous approach (Khan et al., 2013) , time intervals found to be significant between TD and ASD were considered. ZCoherence in precuneus around 150 ms, IFG around 260 ms, and in ACC around 320 ms were used for each subject and then correlated with age using Pearson correlation. Statistical significance of the correlations between groups was estimated using Fisher r-to-z transformation (Fisher, 1915) . Bonferroni correction was applied to correct for multiple comparisons by a factor of three as we conduct three between-group effects test.
| Predicting age using multivariate linear regression model
We tested whether PAC and Z-coherences from three ROIs can be used to predict age in TD and ASD. We used multivariate linear regression model with 10-fold cross-validation method. To assess the performance of the model, coefficients of the models across 10-fold were first averaged and then the predicted age was correlated with actual age using Pearson method. Feature importance was extracted using the decision tree method. Standard deviation was estimated across 250 trees.
| Coherence and ADOS correlation
PAC and Z-coherences were each correlated with the ADOS social scores separately using Spearman method. To assess the developmental effect in this correlation, we grouped subjects by five years age win- 
| Statistical analysis of power
FFA power of emotional faces were compared with houses within each group using cluster-based statistics that correct for multiple comparisons using a nonparametric method . Statistics were focused in time from 0 to 1,000 ms and in frequency from 7 to 120 Hz selected on logarithmic scale. To compare between the TD and ASD group, power of houses were subtracted from emotional faces within each group and cluster-based statistics used to compare between group effects. This analysis was done for children and adolescents separately. To check if the PAC results were impacted by power, we correlated age with the alpha (8-12 Hz), low gamma (45-60 Hz), and high gamma (80-120 Hz) amplitude computed within the time interval used for PAC analysis (0-1,000 ms), using Pearson correlations.
In addition, we correlated the same amplitudes with PAC, again using the Pearson method, to verify that the PAC results were independent of power measures.
| RE S U L TS
| Evoked responses in the FFA
A probabilistic map of FFA localization across all subjects is shown in response latencies for any condition, or in the peak magnitude of the evoked response (at peak latency or at fixed latency).
| Evoked responses and age correlation
Neither evoked response latency nor evoked response peak amplitude, in any condition, were significantly correlated with age, in either group (Supporting Information, Figure S3 ).
| PAC of emotional faces versus houses
There were no significant group (TD to ASD) differences in PAC in the children's cohort (Figure 2a ). In contrast, in adolescents, there were significant group differences between TD and ASD in PAC between the alpha phase and low gamma (45-60 Hz) and high gamma (80-120 Hz) amplitudes (Figure 2b ).
| PAC and age correlation
The normalized (emotional faces to houses) alpha to low-gamma PAC was not correlated with age in either group. In contrast, the normalized alpha to high-gamma PAC was correlated with age in both the TD and ASD groups, but in opposite directions. In the TD group, age was posi- 3.5 | Normalized coherence correlation with age Z-coherence, the coherence during the viewing of emotional faces, normalized by coherence during viewing of house, was significantly correlated with age in the TD group, for all three ROIs. In ASD, FFA-IFG Z-coherence was significantly correlated with age. There was also a trend that did not meet significance for correlations between age and the FFA-precuneus Z-coherence and FFA-ACC Z-coherence. These results are summarized in Table 2 . Group differences for the correlation between age and Z-coherence (i.e., trajectories) were significant for all the tested ROIs ( Figure 3 
| Correlation between MEG metrics and ASD severity
As in our prior published study on the older group (Khan et al., 2013) , there was no correlation between any of the long-range coherence measures, and the severity of ASD as measured on the ADOS. Using only the older age group (14-21), PAC-ADOS correlation results were in agreement with those of our prior study (Khan et al., 2013) , showing a significant correlation between ASD severity as measured on the ADOS (social score), and normalized PAC (Figure 5a ). In contrast, local functional connectivity in the FFA measured using PAC did not correlate with ASD severity in the younger age group. To test the effect of age more carefully, we correlated the PAC measure with ASD severity within the ASD group, using subsets of the group defined by a sliding 5-year age window. Correlation between PAC and the ADOS social score became more significant as the age window increased from 10-15 to 16-21 years (R pearson (n 5 7) 5 20.98, p 5 .0001; Figure 5b ,c).
| Power
There were no significant group (TD vs ASD) or condition (houses vs emotional faces) differences in alpha, low gamma, or high gamma power. Furthermore, the normalized power (emotional faces condition relative to houses condition) was not correlated with age for any of the considered frequency bands (alpha, low gamma, and high gamma), for either group (TD or ASD; Supporting Information, Figure S4 ). Lastly, as expected, the normalized power (emotional faces relative to house)
was not correlated with the normalized PAC (Supporting Information, Figure S5 ).
| D ISC USSION
The goal of this study was to investigate the maturational trajectory of local and long-range functional connectivity in ASD during face processing, using MEG. We found that, contrary to our prior study in an older age group (14-21), all the tested functional connectivity measures were normal in the younger ASD group (ages 7-13). Combining across the two age groups, we found that the tested local and longrange functional connectivity measures were positively correlated with age in the TD group, but negatively correlated with age in the ASD group. A machine learning model revealed that local functional connectivity is the primary feature when predicting age in the ASD group, whereas all the tested features contributed roughly equally to age prediction in the TD group. Lastly, we found that the correlation between ASD severity as measured with ADOS and local functional connectivity increased with maturation.
Our results are consistent with a divergence from normal development of top-down functional connectivity in ASD. The method we used to measure local functional connectivity, phase-amplitude coupling (PAC), has been proposed as a mechanism for exchanging information between the slower global dynamics of cortical networks and faster local dynamics (Canolty & Knight, 2010; Fries, 2005 Fries, , 2009 Lega, Burke, Jacobs, & Kahana, 2016) . More specifically, the coupling of gamma power to alpha phase in visual processing has been suggested as a top-down controlled gating mechanism (Bonnefond & Jensen, 2015) . In parallel, alpha oscillations are associated with top-down functional inhibition (Jensen & Mazaheri, 2010; Mathewson, Gratton, Fabiani, Beck, & Ro, 2009 ). In the context of this study of face processing, the ACC, IFG, and precuneus are all known to exert top-down effect on the FFA (Li, et al., 2009; Righart, Andersson, Schwartz, Mayer, & Vuilleumier, 2010) . It is well known that top-down functional connectivity matures substantially during adolescence (Casey, Getz, & Galvan, 2008; Fornari, Rytsar, & Knyazeva, 2014; Goldenberg & Galvan, 2015; Khan, et al., 2018; Sole-Padulles, et al., 2016) . Given the combination of these studies, our results are consistent with the Another parallel interpretation of the results stems from the mechanisms underlying PAC that involve parvalbumin-expressing interneurons. Studies have consistently found underdeveloped parvalbuminexpressing interneurons in ASD using mouse models of autism (Han, et al., 2012; Nakai, et al., 2014) and postmortem brains (Hashemi, Ariza, Rogers, Noctor, & Martinez-Cerdeno, 2017) . GABAergic interneurons have a protracted developmental period, from early embryonic stages all the way to adulthood, and in particular are known to undergo maturational changes during adolescence (Caballero & Tseng, 2016; Hoftman & Lewis, 2011) . Abnormalities in the GABAergic circuitry during maturation can affect synaptic circuit and consequently abnormal cortical wiring (Le Magueresse & Monyer, 2013; Penzes, Buonanno, Passafaro, Sala, & Sweet, 2013) . Failure of these mechanisms to develop normally during adolescence in ASD would likely contribute to the abnormal maturation trajectory results we observed here.
| CON CL U S I ONS
In summary, we investigated the maturational trajectory of local and long-range functional connectivity in TD and ASD from age 7 to 21, during face processing. Alpha-gamma PAC within the FFA, and alpha band normalized coherence (emotional faces vs houses) between the FFA and the IFG, ACC and precuneus were estimated from MEG data.
We found that both local functional connectivity measured using PAC, and long-range functional connectivity measures using band limited coherence, were positively correlated with age in the TD group, but negatively correlated with age in the ASD group. A machine learning model showed that PAC is the primary feature for predicting age in the ASD group. Considering the top-down influence of the IFG, ACC, and precuneus on the FFA during face processing, our results are consistent with the interpretation that top-down mediated maturation of functional connectivity is abnormal in ASD. In combination, our findings also provide additional support to the idea that adolescence is potentially a period of increased vulnerability in ASD relative to late childhood, susceptible to further developmental derailment of brain development (Di Martino et al., 2014; Marin, 2016; Picci & Scherf, 2015; Ratto & Mesibov, 2015; Rosenthal et al., 2013) . These findings therefore underscore the need for additional studies on ASD therapies and treatments that would target specifically this second period of increased vulnerability, a period of time, which may occasionally be overlooked relative to younger ages in ASD. 
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